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SETTABLE FLUIDS AND METHODS FOR USE IN SUBTERRANEAN FORMATIONS 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. Patent Application Serial 
Number 10/454,080 entitled "Lightweight Cement Compositions and Methods of Cementing in 
Subterranean Formations," filed June 4, 2003, incorporated by reference herein for all purposes, 
and from which priority is claimed pursuant to 35 U.S.C. § 120. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to subterranean operations, and more 
particularly, to settable fluids comprising vitrified shale and hydrated lime, and methods of using 
such settable fluids in subterranean applications. 

[0003] During the drilling of a well bore in a subterranean formation, a drilling 
fluid may be circulated through a drill pipe and drill bit into the well bore, and subsequently flow 
upward through the well bore to the surface. The drilling fluid functions, inter alia, to cool the 
drill bit, lubricate the rotating drill pipe to prevent it from sticking to the walls of the well bore, 
prevent blowouts by providing hydrostatic pressure to counteract the sudden entrance into the 
well bore of high-pressure formation fluids, and remove drilled cuttings from the well bore. 
While drilling fluids are generally not settable, e.g., they do not set into hard impermeable 
sealing masses when static, drilling fluids may increase in gel strength over time. Typically, after 
a well bore is drilled to a desired final depth, the drill pipe and drill bit are withdrawn from the 
well bore and the drilling fluid is left therein so as to, inter alia, provide hydrostatic pressure on 
permeable formations penetrated by the well bore, thereby preventing the flow of formation 

fluids into the well bore. 

[0004] A common subsequent step in completing the well bore usually involves 
placing a pipe string, e.g., casing, into the well bore. Depending upon factors such as, inter alia, 
the depth of the well bore and any difficulties in placing the pipe string therein, the drilling fluid 
may remain relatively static in the well bore for an extended period of time, e.g., up to 2 weeks. 
During that time, the drilling fluid may progressively increase in gel strength, whereby portions 
of the drilling fluid in the well bore may become increasingly difficult to displace. 



[0005] Upon placement of the pipe string in the well bore, primary cementing is 
typically performed, whereby the pipe string disposed in the well bore is cemented by pumping a 
cement composition through the pipe string and into an annulus between the pipe string and the 
walls of the well bore, thereby displacing the drilling fluid in the annulus. However, if the 
drilling fluid has developed sufficient gel strength during its residence within the well bore, an 
operator may be unable to displace all of the drilling fluid with the cement composition. 
Accordingly, portions of the drilling fluid in the well bore may be bypassed by the cement 
composition. This is problematic, because the drilling fluid generally is not settable; therefore, 
formation fluids may enter and flow along the well bore, which generally is highly undesirable. 

[0006] Operators have attempted to solve this problem by developing settable 
fluid compositions, inter alia, to displace drilling fluids from well bores promptly after their use. 
However, these methods generally have not met with success, as conventional settable fluids 
include blast furnace slag and other hydraulic components that may begin to set at relatively low 
temperatures, e.g., temperatures less than about 90°F. Also, certain slag-containing settable 
fluids may be intolerant to cement composition contamination, causing the settable fluids to 
cement prematurely upon contact with well cement. To counteract this tendency to prematurely 
set, oftentimes a strong set retarder will be added to the displacement fluid, and the displacement 
fluid often is separated from the cement composition by a spacer fluid. Furthermore, certain 
blast furnace slags may have varying compositions and physical properties (e.g., particle size) 
depending not only upon the supplier of a given batch of blast furnace slag, but also upon the 
particular furnace and process that produced the batch. This may adversely affect the properties 
of the settable fluid comprising the blast furnace slag. 
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SUMMARY OF THE INVENTION 

[0007] The present invention relates to subterranean operations, and more 
particularly, to settable fluids comprising vitrified shale and hydrated lime, and methods of using 
such settable fluids in subterranean applications. 

[0008] An example of a method of the present invention is a method of using a 
settable fluid in a subterranean formation comprising the step of placing a displacement fluid 
comprising vitrified shale and hydrated lime in a well bore in a subterranean formation so as to 
displace a second fluid therefrom. 

[0009] Another example of a method of the present invention is a method of 
producing hydrocarbons in a subterranean formation comprising the step of drilling a well bore 
in a subterranean formation using a drilling fluid comprising vitrified shale and hydrated lime. 

[0010] An example of a composition of the present invention is a settable fluid 
comprising vitrified shale and hydrated lime. 

[0011] The features and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the description of the exemplary 
embodiments which follows. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0012] The present invention relates to subterranean operations, and more 
particularly, to settable fluids comprising vitrified shale and hydrated lime, and methods of using 
such settable fluids in subterranean applications. 

[0013] The settable fluids of the present invention generally comprise water, 
vitrified shale, and hydrated lime. Optionally, other additives suitable for use in a settable fluid 
may be added. Generally, the settable fluids of the present invention have a density in the range 
of from about 1 1 lbs/gal to about 17 lbs/gal. 

[0014] The water present in the settable fluids of the present invention may be 
from any source, provided that it does not contain an excess of compounds that adversely affect 
other compounds in the settable fluids. For example, a settable fluid of the present invention can 
comprise fresh water, salt water (e.g., water containing one or more salts dissolved therein), 
brine (e.g., saturated salt water), or seawater. The water may be present in an amount sufficient 
to produce a pumpable slurry. Generally, the water is present in the settable fluids of the present 
invention in an amount in the range of from about 35% to about 60% by weight of the settable 
fluid. In certain exemplary embodiments, the water is present in the settable fluids of the present 
invention in an amount in the range of from about 40% to about 50% by weight of the settable 
fluid. 

[0015] The hydrated lime is present in the settable fluids of the present invention 
in an amount sufficient to form calcium silicate hydrates upon reaction with a source of water 
and a source of vitrified shale. Calcium silicate hydrates, inter alia, lend strength to settable 
fluids when they are allowed to set. More particularly, the hydrated lime is present in the 
settable fluids in an amount in the range of from about 2% to about 15% by weight of the 
settable fluid. In certain exemplary embodiments, the hydrated lime is present in the settable 
fluids in an amount in the range of from about 3% to about 10% by weight of the settable fluid. 
An example of a suitable hydrated lime is commercially available from Continental Lime, Inc., 
of Salt Lake City, Utah. 

[0016] The vitrified shale is present in the settable fluids of the present invention 
in an amount sufficient to form calcium silicate hydrates upon reaction with a source of water 
and a source of hydrated lime. More particularly, the vitrified shale is present in the settable 
fluids in an amount in the range of from about 30% to about 60% by weight of the settable fluid. 
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In certain exemplary embodiments, the vitrified shale is present in the settable fluids in an 
amount in the range of from about 40% to about 50% by weight of the settable fluid. An 
example of a suitable vitrified shale is commercially available under the tradename "PRESSUR- 
SEAL® FINE LCM" from TXI Energy Services, Inc., of Houston, Texas. 

[0017] Optionally, the settable fluids of the present invention may further 
comprise a set retarder. Whether a particular application will require the inclusion of a set 
retarder in a particular settable fluid may depend upon factors including, but not limited to, the 
bottom hole static temperature of the application. One of ordinary skill in the art, with the 
benefit of this disclosure, will be able to determine whether a set retarder is appropriate for a 
particular application. Generally, any set retarder may be used with the settable fluids of the 
present invention. In certain exemplary embodiments, the set retarders used in the present 
invention comprise nucleation poisoning agents. Examples of suitable nucleation poisoning 
agents include, but are not limited to, phosphonic acid derivatives, such as those described in 
U.S. Patent No. 4,676,832, the relevant disclosure of which is hereby incorporated. An example 
of a suitable phosphonic acid derivative is commercially available under the tradename 
"DEQUEST" from Monsanto Corporation of St. Louis, Missouri. In certain other exemplary 
embodiments, the set retarders used in the present invention comprise lignosulfonates. An 
example of a suitable lignosulfonate is commercially available under the tradename "HR®-5" 
from Halliburton Energy Services, Inc., of Duncan, Oklahoma. Where included, the set retarder 
generally is present in the settable fluids of the present invention in an amount in the range of 
from about 0.09% to about 0.9% by weight of the settable fluid. 

[0018] Optionally, the settable fluids of the present invention may further 
comprise a viscosifying agent. The viscosifying agent may be any component suitable for 
providing a desired degree of solids suspension. An example of a suitable viscosifying agent is a 
hydroxyethyl cellulose that is commercially available under the tradename "WG-17" from 
Halliburton Energy Services, Inc., of Duncan, Oklahoma. One of ordinary skill in the art, with 
the benefit of this disclosure, will be able to identify a suitable viscosifying agent, as well as the 
appropriate amount to include, for a particular application. 

[0019] Optionally, the settable fluids of the present invention may further 
comprise a weighting agent. Generally, any weighting agent may be used with the settable fluids 
of the present invention. In certain exemplary embodiments, the weighting agents used in the 
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present invention comprise hematites. An example of a suitable hematite is commercially 
available under the tradename "Hi-Dense® No. 4" from Halliburton Energy Services, Inc., of 
Duncan, Oklahoma. 

[0020] Optionally, the settable fluids of the present invention may further 
comprise a set accelerator. Generally, any set accelerator may be used with the settable fluids of 
the present invention. One of ordinary skill in the art, with the benefit of this disclosure, will be 
able to identify a suitable set accelerator for a particular application. Where used, the set 
accelerator generally will be present in the settable fluid in an amount in the range of from about 
0.5 % to about 2 % by weight of the settable fluid. 

[0021] Additional additives optionally may be added to the settable fluids of the 
present invention as deemed appropriate by one skilled in the art with the benefit of this 
disclosure. Examples of such additives include, inter alia, fluid loss control additives, 
defoamers, dispersing agents, salts, and formation conditioning agents. 

[0022] In an exemplary embodiment, the settable fluids of the present invention 
may be used as a displacement fluid. For example, a displacement fluid of the present invention 
comprising water, vitrified shale, and hydrated lime may be placed in a well bore that has been 
drilled (with a drilling fluid) in a subterranean formation so as to partially or completely displace 
the drilling fluid from the well bore. Generally, after the displacement fluid has been placed in 
the well bore, a cement composition is subsequently placed in the well bore so as to partially, or 
completely, displace the displacement fluid therefrom. Any portion of the displacement fluid 
that is not displaced by the cement composition, and that inadvertently remains within the well 
bore, will develop sufficient compressive strength so as not to adversely affect the integrity of 
the resultant cement sheath. Accordingly, an exemplary method of the present invention 
comprises the step of placing a displacement fluid comprising water, vitrified shale, and hydrated 
lime in a well bore in a subterranean formation so as to displace a second fluid therefrom. 
Additional steps include, but are not limited to, placing a casing string within the well bore; 
placing a cement composition within the well bore so as to displace at least a portion of the 
displacement fluid therefrom; permitting the cement composition to set therein; and permitting 
any undisplaced displacement fluid to set therein. 

[0023] In another exemplary embodiment, the settable fluids of the present 
invention may be used as a drilling fluid. A drilling fluid of the present invention comprising 
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water, vitrified shale, and hydrated lime may be used to drill a subterranean formation, e.g., by 
circulating the drilling fluid while drilling a well bore in contact with a drill bit and a 
subterranean formation. In an exemplary embodiment, the drilling fluid is used to drill a well 
bore in a subterranean formation, after which casing is placed within the well bore. In this 
exemplary embodiment, the drilling fluid is permitted to set behind the casing. Accordingly, an 
exemplary method of the present invention comprises the step of drilling a well bore in a 
subterranean formation using a drilling fluid comprising water, vitrified shale, and hydrated lime. 
Additional steps include, but are not limited to, placing a casing string within the well bore; and 
permitting the drilling fluid to set behind the casing string. 

EXAMPLES 

[0024] To facilitate a better understanding of the present invention, the following 
examples of some of the exemplary embodiments are given. In no way should such examples be 
read to limit the scope of the invention. 

EXAMPLE 1 

[0025] Sample settable fluid compositions of the present invention were prepared 
comprising 300 grams of vitrified shale, 30 grams of hydrated lime, 2.1 grams of "WG-17" 
hydroxyethyl cellulose, 300 grams of water, and varying amounts of "HR®-5" lignosulfonate set 
retarder. The sample compositions were prepared at room temperature, heated in a water bath to 
140°F, and subjected to gel strength testing per Appendix A, API RP 13B-2, 2d edition, Dec. 1, 
1991, and compressive strength testing per API Specification 10. The results are set forth in the 
table below. 

TABLE 1 



Sample Description 


Set Retarder 


Fluid 


Set Time 


Compressive 




(% by wt. of 


Time 


(Days) 


Strength 




Shale) 


(Days) 




(psi) 


Sample Composition No. 1 


0.3 


4 


5 


203 


Sample Composition No. 2 


0.4 


6 


9 


146 


Sample Composition No. 3 


0.5 


8 


9 


204 
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[0026] "Fluid time" refers to the time during which the slurry possessed a static 
gel strength of less than 250 pounds per hundred square feet (250 lb/100 ft 2 ). The above 
example demonstrates, inter alia, that the settable fluids of the present invention are suitable for 
use in subterranean applications. 

EXAMPLE 2 

[0027] Sample settable fluid compositions of the present invention were prepared 
comprising 300 grams of vitrified shale, 30 grams of hydrated lime, 2.1 grams of "WG-17" 
hydroxyethyl cellulose, 300 grams of water, and varying amounts of "HR®-5" lignosulfonate set 
retarder. The sample compositions were prepared at room temperature, heated in a water bath to 
160°F, and subjected to gel strength testing per Appendix A, API RP 13B-2, 2d edition, Dec. 1, 
1991, and compressive strength testing per API Specification 10. The results are set forth in the 
table below. 

TABLE 2 



Sample Description 


Set Retarder 


Fluid Time 


Set Time 


Compressive 




(%bywt. of 


(Days) 


(Days) 


Strength 




Shale) 






(psi) 


Sample Composition No. 4 


0.5 


4 


5 


237 


Sample Composition No. 5 


0.6 


4 


7 


287 


Sample Composition No. 6 


0.7 


8 


9 


Not Determined 



[0028] An additional formulation of Sample Composition No. 4 was prepared, to 
which about 225 grams of "Hi-Dense® No. 4" were added. This produced a settable fluid having 
a density of about 1 5 lb/gallon. It had a fluid time of two days and a set time of three days, with 
a measured compressive strength of about 294 psi after six days. 

[0029] The above example demonstrates, inter alia, that the settable fluids of the 
present invention are suitable for use in subterranean applications. 

EXAMPLE 3 

[0030] Sample settable fluid compositions of the present invention were prepared 
comprising 300 grams of vitrified shale, 30 grams of hydrated lime, 2.1 grams of "WG-17" 
hydroxyethyl cellulose, 300 grams of water, and varying amounts of "HR®-5" lignosulfonate set 
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retarder. The sample compositions were prepared at room temperature, heated in a water bath to 
190°F, and subjected to gel strength testing per Appendix A, API RP 13B-2, 2d edition, Dec. 1, 
1991, and compressive strength testing per API Specification 10. The results are set forth in the 
table below. 

TABLE 3 



Sample 


Set Retarder 


Fluid Time 


Set Time 


Compressive 


Description 


(% by wt. of 


(Days) 


(Days) 


Strength 




Shale) 






(psi) 


Sample 


0.5 + 


> 1 


3 


Not Determined 


Composition No. 7 










Sample 


0.7 


3 


4 


370 


Composition No. 8 











[0031] The " + " after the set retarder entry for Sample Cement Composition No. 7 
indicates that this Sample Composition further comprised 3 grams of a viscosifying agent. 

[0032] The above example demonstrates, inter alia, that the settable fluids of the 
present invention are suitable for use in subterranean applications. 

[0033] Therefore, the present invention is well adapted to carry out the objects 
and attain the ends and advantages mentioned as well as those that are inherent therein. While 
the invention has been depicted, described, and is defined by reference to exemplary 
embodiments of the invention, such a reference does not imply a limitation on the invention, and 
no such limitation is to be inferred. The invention is capable of considerable modification, 
alternation, and equivalents in form and function, as will occur to those ordinarily skilled in the 
pertinent arts and having the benefit of this disclosure. The depicted and described embodiments 
of the invention are exemplary only, and are not exhaustive of the scope of the invention. 
Consequently, the invention is intended to be limited only by the spirit and scope of the 
appended claims, giving full cognizance to equivalents in all respects. 



9 



